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VMware Player

@ Virtual machine: NS2
@ Password to run: 123

(G VMware Player

Player ~ - B =
Hume

aPNEr

Enter Password
%, This virtual machine is encrypted.
‘You must enter its password to continue.

Password: [0
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VMware Player (con’

o Password: 123
@ Or run Guest Session

@ BBen W) 356PM O

rad

Password

Guest Session
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Sizing Router Buffers

@ Open Terminal: <Ctrl>+<Alt>+<T>
@ Change directory: cd Documents
@ Run simulation: ns tcp.tcl

B Ty @) 12:225PM Rrad 3F
-

rad@ubuntu: ~/Documents.

radgubuntu:~$ cd Documents
rad@ubuntu: ~/Documents$ ns tcp.tclll
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Sizing Router Buffers (cont'd)

@ Bottleneck router buffer size = 36 packets

M 1y 4) 1229PM Rrad %
Devices -

L Floppy Drive

10,0000 12,0000

. 11.999999999999973 1 2 26530.28159993064 17.686854399953777 9948 9867 62 149205
i 0 14799040 93000
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Sizing Router Buffers

@ Open: trace

Documents

Devices + @ Home Documents

 Floppy Drive
Ve T -
Computer Ant - Zety
s T} et
i Home out.nam QueueLength tep.kel
= Desktop o
F& Documents e .
oo

& Downloads
i Music
m Pictures

@ videos

= File System
& Trash

ECpSACK

Network

= Browse Net...

"trace" selected (367.1kB)
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Sizing Router Buffers (cont'd)

o Time: from 2 to 12

trace (~/Documents) - gedit =

Undo v In &

0 ndatapack_ 9924
@ ndatapack_ 9925
© ndatapack_ 9926
0 ndatapack_ 9927
® ndatapack_ 9928
0 ndatapack_ 9929
0 ndatapack_ 9938
@ ndatapack_ 9931
0 ndatapack_ 9932
©® ndatapack_ 9933
© ndatapack_ 9934
0 ndatapack_ 9935
® ndatapack_ 9936
0 ndatapack_ 9937
@ ndatapack_ 9938
@ ndatapack_ 9939
0 ndatapack_ 9948
@ ndatapack_ 9941
@ ndatapack_ 9942
0 ndatapack_ 9943
® ndatapack_ 9944
0 ndatapack_ 9945
@ ndatapack_ 9946
© ndatapack_ 9947
0 ndatapack_ 9948
]

a

PlainText + Tab width: 8 ~ Ln 9951, Col 1 INS
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Sizing Router Buffers (cont'd)

o Time: from 2 to 12

trace (~/Documents) - gedit < SR D)) oPM % rad {#

Undo v In &

ndatapack_ 1594
ndatapack_ 1595
ndatapack_ 1596
ndatapack_ 1597
ndatapack_ 1598

]

[}

]

]

[}

0

5]

0 ndatapack_ 1681
@ ndatapack_ 1602
© ndatapack_ 1603
0 ndatapack_ 1684
@ ndatapack_ 1605
@ ndatapack_ 1606
0 ndatapack_ 1687
® ndatapack_ 1608
0 ndatapack_ 1689
@ ndatapack_ 1618
0@ ndatapack_ 1611
0 ndatapack_ 1612
® ndatapack_ 1613
0 ndatapack_ 1614
0 ndatapack_ 1615
@ ndatapack_ 1616
0 ndatapack_ 1617
® ndatapack_ 1618
0@ ndatapack_ 1619
0 ndatapack_ 1628

PlainText + Tab width: 8 ~ Ln 1601, Col 1 INS
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Sizing Router Buffers (cont'd)

@ Packets sent: 9950 - 1600 = 8350
e Throughput: 10.02 Mb/s

Roman Dunaytsev (SUT)

G Calculator EIE@

View Edit Help

8358 * 1588 * 8 / 18 /

1000000

[ o [ Jfsd ;‘
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Sizing Router Buffers (cont'd)

o Packets lost: 7
@ Packet loss rate: 7 / 8350 = 0.00084
B Ty @) 1229Pm R rad 3

Devices -

'— Floppy Drive

xgraph

10,0000 12,0000

0 14674540 93000

b 1.999999999999973 1 2 26530.28159993064 17.686854399953777 9948 9867 62 149205
L1 |0 14799040 93000
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Sizing Router Buffers (cont'd)

e Edit: tcp.tcl

Home Folder B 1y 4) 3:220PM Rrad {}%

Devices ~

& Browse N | Runin Terminal | (Display )) [ €ancel || Run |

@ — Floppy Drive
F Computer A .
4 e HGT]
iai Home out.nam QueueLength tep.kel
1 3 = Desktop
s s I Documents s
2
o i3 Downloads LcpSACK trace
5 i Music
im Pictures
f | @ videos
% | I File Syste @ Do you want to run "tcp.tcl”, or display its contents?
TR "tep.tel” is an executable text file.
Network
™

== "tep.tel” selected (2.5 kB)
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Sizing Router Buffers (cont'd)

@ Trace: maxseq

*tcp.tcl (~/Documents) - gedit

@ n_ B open -
[ *tcp.tel 3
set tcp [new Agent/TCP/Sack1]
set window_ 300

set maxcwnd_ 300

set windowInit_ 2

set packetsize_ 1460
set tcpTick_ 8.001

set bugFix_ 1

set fid_ 1

$ns attach-agent $sender $tcp
$tcp attach Strace

#Trace TCP variables
#Step trace rtt_

lbtep trace maxseq_
#Stcp trace ndatapack_
#$tep trace ncwndeuts_

#Create a TCP receiver

set sink [new Agent/TCPSink/Sack1]
$ns attach-agent $receiver $sink
Sns connect $tcp $sink

#Create FTP traffic over TCP

set ftp [new Application/FTP]

§ftp attach-agent $tcp

#Schedule events

Tcl » Tab Width: 8 ~ Lng1, Col1 INS
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Sizing Router Buffers (cont'd)

@ Rerun: tcp.tcl

23PM Rrad {%
Devices
L Floppy Drive
Computer
isi Home out.nam
rad@ubuntu: ~/Documents

- 0 14173540 93000
11.599999999999975 1 2 36885.715200664701 24.590476800443124 9604 9534 62 144045

) 40 14299540 93000
11.699999999999974 1 2 14835.542399939437 9.8903615999596184 9690 9617 62 145335

40 14424040 93000

11.799999999999974 1 2 19066.281599936381 12.710854399957592 9776 9700

40 14548540 93000
11.899999999999974 1 2 22918.118399961477 15.278745599974306 9862 9784 62 147915

40 14674540 93000
1 2 26530.28159993064 17.686854399953777 9948 9867 62 1492054

| laulting to fixed')
Parameter TitleFont: can't translate "helvetica-18' into a font (defaulting to

fatal I0 error 11 (Resource temporarily unavailable) on X server ":0.0"
after 286 requests (285 known processed) with © events remaining.
while executing
"exec xgraph tcpSACK Queuelength -geometry 8€0x400 -t "cwnd” -x "Time, secs" -y
Window/Queue, pkts""
(procedure "finish" line 11)
invoked from within
"finish"
rad@ubuntu:~/Documentss ns tep. tclll

Roman Dunaytsev (SUT P2P Networks




Sizing Router Buffers

@ Open: trace

Documents Bty ) 3:24Pm Lrad

B « [® Home Documents « Q search
_ Floppy Drive

00
Computer ae

i Home

e 0620 a5t
out.nam QueueLength tep.tel

= Desktop o

F& Documents e .
& Downloads l(:);Z:\CK

i Music
m Pictures

@ videos

= File System
& Trash

Network

= Browse Net...

[~} "trace" selected (335.1kB)
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Sizing Router Buffers (cont'd)

o Time: from 2 to 12

trace (~/Documents) - gedit Bty @) 3:26PM Rrad {4

Undo v In &

L] trace &
11.96950 maxseq_ 9861

11.97676 maxseq_ 9862
11.97190 maxseq_ 9863
11.97310 maxseq_ 9864
11.97430 maxseq_ 9865
11.97550 maxseq_ 9866

11.97676 maxseq_
11.97790
11.97910
11.98030
11.98150
11.98270
11.98390
11.98510
11.98630
11.98750
11.98870
11.98950
11.99110
11.99110
11.99230
11.99350

PlainText + Tab width: 8 ~ Ln 9889, Col 1 INS
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Sizing Router Buffers (cont'd)

o Time: from 2 to 12

trace (~/Documents) - gedit apm Rrad {4

L] trace &
1.99270
1.99390

maxseq_ 1538
maxseq_ 1539
maxseq_ 1540
maxseq_ 1541
maxseq_ 1542

]

]

[}

]

]

]

0

@ maxseq_ 1545
6 maxseq_ 1546
© maxseq_ 1547
@ maxseq_ 1548
6 maxseq_ 1549
® maxseg_ 1550
6 maxseq_ 1551
8 maxseq_ 1552
@ maxseq_ 1553
8 maxseq_ 1554
® maxseg_ 1555
@ maxseq_ 1556
8 maxseq_ 1557
® maxseqg_ 1558
6 maxseq_ 1559
® maxseg_ 1560
@ maxseq_ 1561
8 maxseq_ 1562
® maxseqg_ 1563
6 maxseq_ 1564

PlainText + Tab width: 8 ~ Ln 1546, Col 34 INS
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Sizing Router Buffers (cont'd)

@ Packets received: 9887 - 1544 = 8343
e Goodput: 10.02 Mb/s

Roman Dunaytsev (SUT)

|:| Calculator EI = | @

View Edit Help

8343 * 1588 * 8 / 18 /

1000000

o J[ Jl+]
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Sizing Router Buffers (cont'd)

e Edit: tcp.tcl

Home Folder B 1y 4) 3:220PM Rrad {}%

Devices ~

& Browse N | Runin Terminal | (Display )) [ €ancel || Run |

@ — Floppy Drive
F Computer A .
4 e HGT]
iai Home out.nam QueueLength tep.kel
1 3 = Desktop
s s I Documents s
2
o i3 Downloads LcpSACK trace
5 i Music
im Pictures
f | @ videos
% | I File Syste @ Do you want to run "tcp.tcl”, or display its contents?
TR "tep.tel” is an executable text file.
Network
™

== "tep.tel” selected (2.5 kB)
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Sizing Router Buffers (cont'd)

@ Trace: ret

*tcp.tcl (~/Documents) - gedit

@ n_ B open -
[ *tcp.tel 3
set tcp [new Agent/TCP/Sack1l]
set window_ 300

set maxcwnd_ 300

set windowInit_ 2

set packetSize_ 1468
set tcpTick_ ©.001

set bugFix_ 1

set fid_ 1

Sns attach-agent $sender $tcp
Stcp attach Strace

#Trace TCP variables
lst:p trace rtt_

#Stcp trace maxseq_
#Stcp trace ndatapack_
#Stcp trace ncwndcuts_

#Create a TCP receilver

set sink [new Agent/TCPSink/Sack1]
Sns attach-agent S$receiver $sink
$ns connect $tcp $sink

#Create FTP traffic over TCP

set ftp [new Application/FTP]

Sftp attach-agent $tcp

#5chedule events

Tcl » Tab Width: 8 ~ Ln8o, Col1 INS

man Dunaytsev (SUT P2P Networks Lab Ne 2 2/




Sizing Router Buffers (cont'd)

@ Rerun: tcp.tcl

8PM % rad i}
Devices
L Floppy Drive
Computer
isi Home out.nam
rad@ubuntu: ~/Documents

- 0 14173540 93000
11.599999999999975 1 2 36885.715200664701 24.590476800443124 9604 9534 62 144045

) 40 14299540 93000
11.699999999999974 1 2 14835.542399939437 9.8903615999596184 9690 9617 62 145335

40 14424040 93000

11.799999999999974 1 2 19066.281599936381 12.710854399957592 9776 9700

40 14548540 93000
11.899999999999974 1 2 22918.118399961477 15.278745599974306 9862 9784 62 147915

40 14674540 93000
1 2 26530.28159993064 17.686854399953777 9948 9867 62 1492054

| laulting to fixed')
Parameter TitleFont: can't translate "helvetica-18' into a font (defaulting to

fatal I0 error 11 (Resource temporarily unavailable) on X server ":0.0"
after 294 requests (292 known processed) with © events remaining.
while executing
"exec xgraph tcpSACK Queuelength -geometry 8€0x400 -t "cwnd” -x "Time, secs" -y
Window/Queue, pkts""
(procedure "finish" line 11)
invoked from within
"finish"
rad@ubuntu:~/Documents$ ns tecp.tel
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Sizing Router Buffers

@ Open: trace

Documents &ty ) 3:38PM Lrad

B « [® Home Documents « Q search
_ Floppy Drive

00
Computer ae

i Home

e 0620 a5t
out.nam QueueLength tep.tel

= Desktop o

F& Documents e .
& Downloads l(:);Z:\CK

i Music
m Pictures

@ videos

= File System
& Trash

Network

= Browse Net...

[~} "trace" selected (6.6 kB)
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Sizing Router Buffers (cont'd)

o Cut: first 2 seconds

trace (~/Documents) - gedit =ty )

Y |

Copy
Paste
Delete

select All

Input Methods
Insert Unicode Control Character

INS

Tab Width: 8 ~ Ln1, Col1

Plain Text +

Lab Ne 2
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Sizing Router Buffers (cont'd)

@ Save: trace

trace (~/Documents) - gedit :42PM R rad

P Open ~ m S

[ trace %
2.03350
2.1e19%0
2.13790
2.17510
2.21350

rtt_ .33
rtt_ 6.035
rtt_ 0.036
rtt_ 0.037
rtt_ 6.039
rtt_ 6.041
rtt_ 0.042
rtt_ 0.043
rtt_ 6.045
rtt_ 6.047
rtt_ 0.048
rtt_ 0.048
rtt_ 6.051
rtt_ 6.e53
rtt_ 0.054
rtt_ .55
rtt_ 6.857
rtt_ 6.059
rtt_ 6.060
rtt_ 0.061
rtt_ 0.063
rtt_ 6.e32
rtt_ 0.031
rtt_ 0.e32
rtt_ 6.634
rtt_ 6.035
rtt_ 6.036

2000000000000 000000000000B0
2000 C00C0E0RC00CCE0000OC OB
NNNNNRNNNRNNRNNNRNNNRNNRN NN NN DR
©PCCC00C000C000CO000000CB0 0

PlainText + Tab width: 8 ~ Ln1, Col1 INS
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Sizing Router Buffers (cont'd)

@ RTT average: 0.046 s

4PM Rrad %
Devices -
L Floppy Drive
Computer
isi Home out.nam
rad@ubuntu: ~/Documents.

11.699999999999974 1 2 14835.542399939437 9.8903615999596184 9690 9617 62 145335
40 14424040 93000
11.799999999999974 1 2 19066.281599936381 12.710854399957592 9776 9700 62 146625
40 14548540 93000
11.899999999999974 1 2 22918.118399961477 15.278745599974306 9862 9784 62 147915
40 14674540 93000
11.999999999999973 1 2 26530.28159993064 17.686854399953777 9948 9867 62 1492054
0@ 14799040 93000

aulting to "fixed')
Parameter TitleFont: can't translate 'helvetica-18' into a font (defaulting to
ixed')
fatal I0 error 11 (Resource temporarily unavailable) on X server ":0.0"
after 294 requests (292 known processed) with © events remaining.
while executing
"exec xgraph tcpSACK Queuelength -geometry 8€0x400 -t "cwnd” -x "Time, secs" -y
"Window/Queue, pkts""
(procedure "finish" line 11)
invoked from within
"finish"
radgubuntu:~/Documents$ awk '{ total += $7; count++ } END { print total/count }'
trace

radgubuntu:~/Documentss
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Sizing Router Buffers (cont'd)

e Edit: tcp.tcl
o Bottleneck router buffer size = 18 packets

*tep.tel (~/Documents) - gedit sPM % rad %

é BB open - B save
[ *kep.tel %

set router [$ns node]
set receilver [%ns node]

#Create duplex links between nodes
$ns duplex-link $sender $router 100Mb 2ms DropTail
$ns duplex-link $router $receiver 10Mb 8ms DropTail

#orient links for xgraph
$ns duplex-link-op $sender $router orient right
sns duplex-link-op Srouter Sreceiver orient right

#set the queue size of the bottleneck

$ns queue-limit Srouter $Sreceiver 18\

$ns duplex-link-op $router $receiver queuePos 0.5

set gmon [$ns monitor-queue $router $receiver stdout];
[$ns link $router $receiver] queue-sample-timeout;

#Create a TCP sender

set tcp [new Agent/TCP/Sackl]
set window_ 300

set maxcwnd_ 300

set windowInit_ 2

set packetsize_ 1460

set tcpTick_ ©.001

set bugFix_ 1

set fid_ 1

E $ns attach-agent $sender $tcp

&l 'H DB D 3

Tel + Tab Width: 8 + Ln62, Col 37 INS

P2P Networks Lab Ne 2 28

man Dunaytsev (SUT




Sizing Router Buffers (cont'd)

e Time: from 2 to 12
@ Throughput = 7 Packet loss rate = ? Goodput = 7 Mean RTT =7

Bty 4) 3:48PM Lrad
Devices -

'— Floppy Drive

xgraph

10,0000 12,0000

40 14628040 81000
11.999999999999973 1 2 10158.542399936439 6.7723615999576365 9899 9837 54 148470
40 14754040 81000
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Sizing Router Buffers (cont'd)

e Bottleneck router buffer size = 36 packets
Throughput = 10.02 Mb/s

Goodput = 10.02 Mb/s

Packet loss rate = 0.00084

RTT = 0.046 s

@ Bottleneck router buffer size = 18 packets
Throughput = 9.99 Mb/s

o Goodput = 9.99 Mb/s
o Packet loss rate = 16 / (9901 - 1579) = 0.00192
e RTT =10.030s
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Sizing Router Buffers (cont'd)

e Edit: tcp.tcl
o Bottleneck router buffer size = 9 packets

*tep.tel (~/Documents) - gedit sPM % rad %

é BB open - B save
[ *kep.tel %

set router [$ns node]
set receilver [%ns node]

#Create duplex links between nodes
$ns duplex-link $sender $router 100Mb 2ms DropTail
$ns duplex-link $router $receiver 10Mb 8ms DropTail

#orient links for xgraph
$ns duplex-link-op $sender $router orient right
sns duplex-link-op Srouter Sreceiver orient right

#set the queue size of the bottleneck

$ns queue-limit Srouter $Sreceiver 9\

$ns duplex-link-op $router $receiver queuePos 0.5

set gmon [$ns monitor-queue $router $receiver stdout];
[$ns link $router $receiver] queue-sample-timeout;

#Create a TCP sender

set tcp [new Agent/TCP/Sackl]
set window_ 300

set maxcwnd_ 300

set windowInit_ 2

set packetsize_ 1460

set tcpTick_ ©.001

set bugFix_ 1

set fid_ 1

E $ns attach-agent $sender $tcp

&l 'H DB D 3

Tel +) Tab Width: 8 + Ln62, Col 36 INS
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Sizing Router Buffers (cont'd)

e Time: from 2 to 12
@ Throughput = 7 Packet loss rate = 7 Goodput = ? Mean RTT =7
= oty ) 431PM Lrad

Devices -

'— Floppy Drive

10,0000 12,0000

040 13939540 85500
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Sizing Router Buffers (cont'd)

e Bottleneck router buffer size = 36 packets
Throughput = 10.02 Mb/s

Goodput = 10.02 Mb/s

Packet loss rate = 0.00084

RTT = 0.046 s

@ Bottleneck router buffer size = 18 packets
Throughput = 9.99 Mb/s

o Goodput = 9.99 Mb/s

o Packet loss rate = 0.00192

e RTT =0.030s

o Bottleneck router buffer size = 9 packets
Throughput = 9.45 Mb/s

e Goodput = 9.42 Mb/s
o Packet loss rate = 26 / (9355 - 1482) = 0.00330
e RTT =10.024 s
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Sizing Router Buffers (cont'd)

e Edit: tcp.tcl
o Bottleneck router buffer size = 2 packets

*tcp.tel (~/Documents) - gedit

[ *tcp.tel 3%
set receiver [$ns node]

#Create duplex links between nodes
$ns duplex-link $sender $router 108Mb 2ms DropTail
$ns duplex-link $router $receiver 16Mb 8ms DropTail

#0rient links for xgraph
sns duplex-link-op $sender Srouter orient right
$ns duplex-link-op $router $receiver orient right

#Set the queue size of the bottleneck

5ns queue-limit $router $receiver 2|

$ns duplex-link-op $router Sreceiver queuePos 0.5

set qmon [$ns monitor-queue $router $receiver stdout];
[$ns link $router $receiver] queue-sample-timeout;

#Create a TCP sender

set tcp [new Agent/TCP/Sack1]
set window_ 300

set maxcwnd_ 300

set windowInit_ 2

set packetSize_ 1460
set tcpTick_ ©.001

set bugFix_ 1

set fid_ 1

Stcp attach Strace
Tel »  Tab Width: 8 + Ln62, Col 36 INS
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Sizing Router Buffers (cont'd)

o Time: from 2 to 12
@ Throughput = 7 Packet loss rate = 7 Goodput = ? Mean RTT =7
B 1y 4)) 4:46PM Rrad {%

Devices -

'— Floppy Drive

10,0000 12,0000

0 2964040 153000
999999999999973 1 2 68.188800000026603 0.045459200000017734 2096 1993 103 314
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Sizing Router Buffers (cont'd)

o Bottleneck router buffer size = 18 packets
Throughput = 9.99 Mb/s

Goodput = 9.99 Mb/s

Packet loss rate = 0.00192

RTT =0.030 s

@ Bottleneck router buffer size = 9 packets
Throughput = 9.45 Mb/s

o Goodput = 9.42 Mb/s
o Packet loss rate = 0.00330
o RTT =0.024 s

o Bottleneck router buffer size = 2 packets
Throughput = 2.11 Mb/s

e Goodput = 2.01 Mb/s
o Packet loss rate = 83 / (2098 - 339) = 0.04719
e RTT =0.021 s
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Sizing Router Buffers (cont'd)

e Edit: tcp.tcl
o Bottleneck router buffer size = 72 packets

*tcp.tel (~/Documents) - gedit

é BB open - B save
[ *kep.tel %

set router [$ns node]
set receilver [%ns node]

#Create duplex links between nodes
$ns duplex-link $sender $router 100Mb 2ms DropTail
$ns duplex-link $router $receiver 10Mb 8ms DropTail

#orient links for xgraph
$ns duplex-link-op $sender $router orient right
sns duplex-link-op Srouter Sreceiver orient right

#set the queue size of the bottleneck

$ns queue-limit Srouter $Sreceiver 72\

$ns duplex-link-op $router $receiver queuePos 0.5

set gmon [$ns monitor-queue $router $receiver stdout];
[$ns link $router $receiver] queue-sample-timeout;

#Create a TCP sender

set tcp [new Agent/TCP/Sackl]
set window_ 300

set maxcwnd_ 300

set windowInit_ 2

set packetsize_ 1460

set tcpTick_ ©.001

set bugFix_ 1

set fid_ 1

E $ns attach-agent $sender $tcp

&l 'H DB D 3

Tel + Tab Width: 8 + Ln62, Col 37 INS

P2P Networks Lab Ne 2 7/

man Dunaytsev (SUT




Sizing Router Buffers (cont'd)

e Time: from 2 to 12
@ Throughput = 7 Packet loss rate = ? Goodput = 7 Mean RTT =7

Bty ) s08Pm Lrad %
Devices -

'— Floppy Drive

xgraph

10,0000 12.0000

40 14674540 138000
11.999999999999973 1 2 105304.77600001656 760.203184000011007 10030 9867 93 15043
540 14799040 139500
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Sizing Router Buffers (cont'd)

o Bottleneck router buffer size = 72 packets
Throughput = 10.03 Mb/s

Goodput = 10.03 Mb/s

Packet loss rate = 2 / (10032 - 1670) = 0.00024
RTT = 0.081 s

o Bottleneck router buffer size = 36 packets
Throughput = 10.02 Mb/s

o Goodput = 10.02 Mb/s
o Packet loss rate = 0.00084
o RTT = 0.046 s

o Bottleneck router buffer size = 18 packets
Throughput = 9.99 Mb/s

e Goodput = 9.99 Mb/s
o Packet loss rate = 0.00192
e RTT =0.030s
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Sizing Router Buffers (cont'd)

@ Bottleneck router buffer size = 18 packets

Bty 4) 3:48PM Lrad
Devices -

L Floppy Drive

10,0000 12,0000

04
11.999999999999973 1 2 10158.542399936439 6.7723615999576365 9899 9837 54 148470
40 14754040 81000
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Sizing Router Buffers (cont'd)

@ If the buffer never goes empty, the router must be sending packets
onto the bottleneck link at the maximum rate of this link

Queuelength (~/Documents) - gedit

RE o - B

[ QueueLength %
11.739999999999794 2

11.759999999999794 @
11.769999999999794
11.779999999999793
11.789999999999793
11.799999999999793
11.809999999999793
11.819999999999792
S 11.829999999999792
11.839999999999792
11.849999999999792
11.859999999999792
11.869999999999791
11.879999999999791
11.889999999999791
11.899999999999791
11.909999999999791
11.91999999999979 6
11.92999999999979 6
11.93999999999979 6
11.94999999999979 7
11.959999999999789 7
11.969999999999789 7
11.979999999999789 8
8
8

VOV ERWWWNNR R R

11.989599999999785
11.999999999999789
PlainText + Tab width: 8 Ln 1178, Col1 INS
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Sizing Router Buffers (cont'd)

@ Bottleneck router buffer size = 21 packets

Bty ) s524aPm Lrad
Devices -

L Floppy Drive

10,0000 12,0000
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Sizing Router Buffers (cont'd)

@ Overbuffering is a bad ideal
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© Bandwidth-delay product
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Bandwidth-Delay Produc

e Bandwidth-Delay Product (BDP) =
= bottleneck link speed (in b/s) x RTT (in seconds)

106 10-3
BDleo 10° x 20-10 N

18

1500 x 8

tcp.tcl (~/Documents) - gedit Bty @) 550PM Lrad

®orr R, | 0,
[ tepel %

#Specife colors for flows
$ns color 1 Red

#Create nodes

set sender [$ns node]
set router [$ns node]
set receiver [$ns node]

#Create duplex link:
duple; k Sses

#orient links for xgraph
$ns duplex-link-op Ssender $router orient right
Sns duplex-link-op Srouter Sreceiver orient right

#5et the queve size of the bottleneck

Sns queue-linit Srouter Sreceiver 21

Sns duplex-link-0p Srouter $receiver queuePos 0.5

set qnon [$ns monitor-queue Srouter Sreceiver stdout];
[$ns link Srouter Sreceiver] queue-sample-timeout;

#Create a TCP sender

set tcp [new Agent/TCP/sack1]
stcp set window_ 300

Stcp set maxcwnd_ 300

Stcp set windowInit_ 2

Tl v Tabwidth: 8 - Lns6, Col 1 N
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Sizing Router Buffers (cont'd)

e rwnd = BDP

kcp.tcl (~/Documents) - gedit :02PM % rad

[ tep.tel %
set receiver [$ns node]

#Create duplex links between nodes
$ns duplex-link $sender $router 108Mb 2ms DropTail
$ns duplex-link $router $receiver 16Mb 8ms DropTail

#0rient links for xgraph
$ns duplex-link-op $sender $router orient right
$ns duplex-link-op $router $receiver orient right

#set the queue size of the bottleneck

Sns queue-limit $router $receiver 21

$ns duplex-link-op $router $receiver queuePos 0.5

set gmon [$ns monitor-queue Srouter $receiver stdout];
[$ns link Srouter $receiver] queue-sample-timeout;

#Create a TCP sender

set tcp [new Agent/TCP/Sack1l]
set window_ 300

set maxcwnd_ 13\

set windowInit_ 2

set packetSize_ 1460
set tcpTick_ ©.001

set bugFix_ 1

set fid_ 1

Stcp attach Strace
Saving file '/home/rad/Documents/tep.tcl'... Tcl » Tab Width: 8 = Ln70, Col 21 INS
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Sizing Router Buffers (cont'd)

@ Nor buffer overflows, nor large queues

=ty 1) c02Pm Lrad
Devices -

L Floppy Drive

xgraph

.

8.0000 10,0000 12,0000
40 14785540 ©
1.999999999999973 1 2 304.94400004479445 0.20329600002986298 9942 9942 0 149115|
40 14911540 0
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Sizing Router Buffers (cont'd)

e rwnd < BDP

*tcp.tel (~/Documents) - gedit B 1y «) 6:00PM Rrad %

[ *tep.tel %
set receilver [%ns node]

#Create duplex links between nodes
$ns duplex-link $sender $router 100Mb 2ms DropTail
$ns duplex-link $router $receiver 10Mb 8ms DropTail

#orient links for xgraph
$ns duplex-link-op $sender $router orient right
sns duplex-link-op Srouter Sreceiver orient right

#set the queue size of the bottleneck

$ns queue-limit Srouter $receiver 21

$ns duplex-link-op $router $receiver queuePos 0.5

set gmon [$ns monitor-queue $router $receiver stdout];
[$ns link $router $receiver] queue-sample-timeout;

#Create a TCP sender

set tcp [new Agent/TCP/Sackl]
set window_ 300

set maxcwnd_ 8|

set windowInit_ 2

set packetsize_ 1460
set tcpTick_ 8.001

set bugFix_ 1

Stcp set fid_ 1

$ns attach-agent $sender $tcp
Stcp attach Strace

Tcl » Tab Width: 8 ~ Ln70, Col 20 INS
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Sizing Router Buffers (cont'd)

@ Under-utilization of the bottleneck link capacity

Bty 1) 6:07Pm Lrad
Devices -

L Floppy Drive

xgraph

.

! 10,0000 12.0000
11.799999999999974 2 0.0 0.0 4407 4407 0@ 6609040 6609040 ©
11.899999999999974 0.0 0.0 4443 4443 0 6663040 6663040 ©
11.999999999999973 0.0 0.0 4479 4479 0 6717040 6717040 ©
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Sizing Router Buffers (cont'd)

@ ssthresh <« BDP

kcp.tcl (~/Documents) - gedit Bty ) 6:01PM Rrad U

[ tep.tel %
set receilver [%ns node]

#Create duplex links between nodes
sns duplex-link $sender $router 106Mb 2ms DropTail
$ns duplex-link $router $receiver 10Mb 8ms DropTail

#0rient links for xgraph
$ns duplex-link-op $sender $router orient right
$ns duplex-link-op $router Sreceiver orient right

#Set the queue size of the bottleneck

$ns queue-limit Srouter $receiver 21

$ns duplex-link-op $router S$receiver queuePos 0.5

set gmon [$ns monitor-queue Srouter $receiver stdout];
[$ns link $router S$receiver] queue-sample-timeout;

#Create a TCP sender

set tcp [new Agent/TCP/Sackl]
set window_ 8

set maxcwnd_ 300

set windowInit_ 2

set packetsize_ 1460
set tcpTick_ 8.001

set bugFix_ 1

set fid_ 1

Saving file '/home/rad/Documents/tep.tcl'... Tcl v Tab Width: 8 = Ln69, Col 19 INS
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Sizing Router Buffers (cont'd)

@ Prematurely switching from slow start to congestion avoidance

Bty 1) c10Pm Lrad
Devices -

L Floppy Drive

xgraph

.

10,0000 12.0000
0.0 0.0 4407 4407 0 6609040 6609040 ©
0.0 0.0 4443 4443 0 6663040 6663040 ©
0.0 0.0 4479 4479 0 6717040 6717040 ©
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